Cyswllt i'r cyhoeddiad / Link to publication Dyfyniad o'r fersiwn a gyhoeddwyd / Citation for published version (APA): ABSTRACT 13 In this study, the relative growth, size-weight relationships and size at onset of maturity of the 14 brown crab Cancer pagurus were investigated in the Isle of Man. For the analyses of relative 15 growth and size at onset of maturity, the samples were collected seasonally between autumn 16 2012 and spring 2013 using several methods: pot surveys, dredge and trawl surveys, market 17 surveys and shore surveys. Results showed that allometric growth occurred in the chelipeds of 18 males (n = 87) and in the abdomen of females (n = 222). Four different measures of maturity 19 (behavioural, functional, morphometrical and physiological) were examined. With respect to 20 the behavioural maturity, the smallest female crab found with a sperm plug measured 110 mm 21 CW, whereas in terms of functional maturity the smallest ovigerous female had a CW of 134 22 mm. Based on direct observations of gonad maturity, 50% of females were mature at 108 mm 23 CW, whereas 50% of males were mature at 89 mm CW. The size at the onset of maturity 24 measurements of female and male C. pagurus based on gonad development is smaller than the 25 current minimum landing size (130 mm), and therefore this suggests that the current 26 minimum landing size is an adequate management measure. 27 KEYWORDS 28 Cancer pagurus; relative growth; size at maturity; minimum landing size; Isle of Man 29
Introduction 30
Crustacean growth is discontinuous and different body parts of males and females often 31 exhibit different growth rates. This phenomenon is commonly known as "relative growth" or 32 "allometric growth" (Hartnoll 1978; Frigotto et al. 2013) . In particular, the changes in size of 33 secondary sexual characters (e.g. abdomen, chelipeds) with growth have been used to estimate 34 the size at maturity of aquatic animals (Hartnoll 1974; Farias et al. 2014; Williner et al. 2014) .
To determine the relationship between the carapace width (CW) and body wet weight of 109 female and male crabs, the data (n = 2181) was collected during pot surveys on the boat. In 110 order to measure the weight of crabs, a mechanical scale (the nearest 25 g) was used. 111 Laboratory procedures 112 Morphometric measurements 113 Changes in body morphometry have been shown previously to indicate the onset of maturity 114 in decapod crustaceans (Hartnoll 1974; Farias et al. 2014; Williner et al. 2014) , for this 115 reason, cheliped propodus length and abdomen width were measured because these are strong 116 indicators of the presence of allometric growth. In addition, the relationship between carapace 117 width and carapace length was determined because this relationship provides information on 118 allometry. Measurements of the following body parts were recorded using vernier calipers (to 119 the nearest 0.1 mm): carapace width (CW); carapace length (CL); right cheliped propodus 120 length (RChL) and abdomen width (AW) . 121 Size at onset of maturity 122 In order to understand the timing of mating and spawning seasons, the presence of sperm 123 plugs were noted and extrusion of eggs in the samples collected throughout the year (Tallack 124 2007). Based on microscopic observations of dissected crabs, the ovarian and testes 125 development stages were classified into 5 and 3 classes respectively (Table I) .
126 Table I .
127

Data analysis 128
The relationships between CW versus CL, CW versus AW and CW versus ChL were 129 compared and the allometric growth defined by the equation Y = aX b . CW was used as predictor variable and other body measurements were selected as the dependent variables 131 (Hartnoll 1978 (Hartnoll , 1982 Baeza et al. 2012) . The allometric growth constant or relative growth 132 rate is given by the constant b. The data were log-transformed to give the formula: 133 log y = log a + b . log x (Hartnoll 1982) .
134
If b > 1, then positive allometry exists, with the variable growing faster than a standard 135 measure of body size (in this case carapace width). If b < 1 then there is a negative allometry, 136 and when b = 1 this indicates isometry (Hartnoll 1982) .
137
The standard power function W = a . L b was used in order to determine carapace width 138 (CW) weight relationships for female and male crabs. Where W is total body wet weight (g);
139
L is carapace width (CW) (mm); the a (intercept) and b (slope) are constants (Ricker 1975) .
140
The ANCOVA was used to compare size-weight relationships of female and male crabs.
141
In order to calculate the expected size at maturity values of the crabs, the maturity 142 stage data was converted to binary data (immature = 0, mature = 1). Stage 1 was considered 143 immature, whilst all other stages were considered mature. The mature individuals and the 144 immature were proportioned for the each size group. In order to determine the size at maturity Where M is the accumulated relative frequency of mature individuals, and S1 and S2 149 are the constants and CW50 was given by S1/S2.
150
In order to calculate the inflection points, data were analysed with "Solver" in MS- The CL -CW relationship revealed that negative allometric growth occurred for both males (n 157 = 87) and females (n =222) (Table II; Figure 1a ). There was a significant relationship between 158 chela length and CW in both sexes (Table II) . Males exhibited stronger allometry with respect 159 to the growth pattern of chela in comparison with females (Table II) . Male chelipeds size 160 began to increment more rapidly after a carapace width of 107 mm was achieved ( Figure 1b ). 
186
Numerous studies have indicated that the relative growth rate of crustacean body parts 187 can be used to determine the morphological size of maturity, in particular the chelipeds in 188 males and the abdomen width in females (Hartnoll 1974 (Hartnoll , 1982 Claverie & Smith 2009; 189 Marochi et al. 2013; Williner et al. 2014 ). In the present study, positive allometry in cheliped 190 length was found in males and females; however this allometry is stronger in males than 191 females. Hartnoll (1974, 1982) suggested that an increase in cheliped length of male There was a significant difference between the CW50 of female and male crabs 222 according to pooled data (results of this study and literature) ( Figure 5 ). The sexes generally 223 exhibit different growth rates after the puberty moult as females divert more energy to 224 reproduction than males (Hartnoll 1982 (Hartnoll , 1985 Abello et al. 1990 ). Channel and Celtic Sea (Table III) .
233 Table III .
234
The results from the present study show that both female and male C. pagurus 
